Introduction: Diverticular disease (DD), a herniation of the colonic mucosa through the muscle layer, covers a wide variety of conditions associated with the presence of diverticula in the colon. The most serious form is an acute episode of diverticulitis, which can lead to hospitalization and surgery with various types of consequences. The main aim of this study is to evaluate the economic burden of hospitalizations arising from acute episodes of diverticulitis using data from the administrative databases used in the Marche region in Italy and, as a secondary objective of this real-world data analysis, to study patient outcome variables following initial hospitalization for diverticulitis. Method: A deterministic linkage was performed at individual user level between the different administrative sources of the Marche region through anonymous ID number for a period of analysis between 1 January, 2008 and 31 December, 2014. We enrolled all patients with at least one hospitalization for "diverticulitis of the colon without mention of haemorrhage" (ICD-9-CM code 562.11) or "diverticulitis of the colon with haemorrhage" (ICD-9-CM code 562.13) as primary or secondary diagnosis. For each patient we assessed the cost of hospitalization, of medicines and of specialist services considering a time-scale of one year or cohort analysis 365 days after first admission. Results: The total number of residents in the Marche region who had at least one hospitalization for diverticulitis in the period 2008-2014 was 2987 (427 patients a year, corresponding to about 35 patients per 100,000 adult residents); the total number of admissions was 3453 (just over 490 a year). The direct healthcare costs incurred by the Marche region for episodes of diverticulitis in 2008-2014 amounted to approximately D 11.4 million (D 1.6 million a year), of which D 10.9 million (95.5%) for the hospitalizations, D 246,000 (2.1%) for pharmaceutical treatment and D 270,000 (2.4%) for specialist outpatient services. The average annual cost per patient was D 3826, of which D 3653 was for hospitalization, while pharmaceutical expenditure and specialist services accounted for D 83 and D 90, respectively. The cohort of patients undergoing a first admission for diverticulitis between 2010 and 2013 was made up of 1729 people (54.4% women, mean age 68.9 years), of whom 1500 (86.8%) did not undergo surgery while in hospital. Hospital mortality, recorded only for the over-65 age class, averaged 1.2%; for patients not receiving surgery during the initial hospitalization it was 0.5%, reaching 5.2% in patients undergoing surgery. The percentage of patients with one or more readmissions for diverticulitis within a year of the first was on average 7.8% and in 48% of cases this resulted in surgery. Conclusions: Our study is the first analysis in Italy to use real-world data to measure the financial impact of diverticular disease. Assuming that the diagnostic and therapeutic behaviour identified in the Marche region could be representative of the situation nationwide, the estimated annual number of hospitalizations in Italy for acute episodes of diverticulitis is 19,000. The total amount of economic resources needed to treat patients suffering from acute episodes of diverticulitis is estimated at D 63.5 million a year.
Introduction
Diverticular disease (DD) covers a wide variety of conditions associated with the presence of diverticula in the colon (herniation of the colonic mucosa through the muscle layer). Of these, the most serious condition is an acute episode of diverticulitis that, depending on its severity, can lead to hospitalization, surgery and may even result in the patient's death.
Traditionally, three factors are associated with the pathogenesis of DD: age, diet and bowel motility. In recent years, this list has expanded to six with the addition of genetic factors, intestinal innervation and microbiota.
The incidence of diverticula is correlated with increasing age: Peery et al.'s study shows 16% of subjects are under the age of 40 rising to over 63% among the over 70 s [1] .
Alterations of the connective tissue, such as greater crosslinking of collagen fibrils or altered expression of matrix metalloproteinases, may help to increase the onset of diverticula with age [2] .
DD has also been correlated with Western lifestyle and lack of physical activity [3] .
Focus on DD is increasing exponentially, as reflected also in the number of publications devoted to it.
Most diverticulosis cases remain asymptomatic for life: only about 4% of patients with an endoscopic diagnosis of diverticulosis develop diverticulitis [4] . Of these patients, around 15-30% undergo a relapse and about 15% develop complications. Admissions for diagnosis code diverticulitis without haemorrhage (562.11) are very much on the increase: in the USA alone, the increase in the admissions rate was +21% compared to 2003, with a hospital mortality rate of 0.5% [5] .
Over the years, different ways of reducing the risk of occurrence and recurrence of diverticulitis have been explored, with the most promising ones including the use of non-absorbable antibiotics. Prevention of acute episodes of diverticulitis as well as improvements to DD patient management should reduce the number of hospitalizations and, consequently, the direct costs arising from DD-related complications. An evidence-based review on the natural history of DD and the role of treatment has just been published [6] .
In the United States, according to data in the literature, annual costs of diverticular disease are between 2.2 and 2.6 billion dollars, making it the fifth most costly gastrointestinal disorder in terms of direct and indirect costs [5] .
Despite the significant epidemiological burden, in Italy there are currently no financial evaluations available on a representative sample of the population regarding the costs of diverticular disease and its complications.
The aim of this study is to evaluate the financial impact generated by complications of diverticular disease using real-world data from the Marche region's administrative database and to quantify the patient outcome variables in the period following the index admission for diverticulitis.
Data source and methods

Data source
Admissions for diverticulitis were selected from the Marche region's Hospital Information System, which records all admissions to accredited public and private hospitals in the region. The discharge records include the patient's demographic (gender, age, education, residence) and clinical information, the diagnosis and the main and secondary procedures (5 fields) as set out in the International Classification of Diseases (ICD-9-CM).
Drug prescriptions were extracted from the Marche region's Pharmaceutical Prescription Information System, containing all prescriptions sent to municipal and private pharmacies within the region and reimbursed by the Italian National Health Service.
Specialist outpatient care was selected from the Marche region's Specialist Service Information System, containing all outpatient appointments for diagnostic and therapeutic services in the region. A deterministic linkage was performed at individual user level between the different administrative sources through anonymous ID number for a period of analysis between 1 January, 2008 and 31 December, 2014.
Methods
Prevalent cases of diverticulitis per year were identified by selecting all persons residing in the Marche region with at least one admission for "diverticulitis of the colon without mention of haemorrhage" (ICD-9-CM code 562.11) or "diverticulitis of the colon with haemorrhage" (ICD-9-CM code 562.13) as primary diagnosis, or else as secondary diagnosis where, however, the main diagnosis was one of the diverticulitis-related diagnoses (see Annex).
For these subjects, we identified all prescriptions of intestinal antibiotics (ATC A07AA), intestinal anti-inflammatory drugs (ATC A07EC) and metronidazole (ATC J01XD01; P01AB01) as well as all specialist outpatient services (see Annex) correlated with the disease which took place during the calendar year of admission.
The annual cost of diverticulitis was estimated by assigning a value to each admission based on the Marche region's tariff for hospital services in force during the year of discharge, the cost of drugs was estimated using the regional reimbursement price current at the time of dispensing and outpatient specialist care was calculated using the current regional price in the year of provision of the service.
Longitudinal analysis was performed by identifying the cohort of patients admitted for diverticulitis in the three-year period from 2010-2013 with no prior admissions for diverticulitis in the previous two years. If a patient had more than one admission during these three years, their first admission was selected as the index admission (Fig. 1 ).
Subjects were stratified by surgical procedure (large intestine, small intestine or rectal resection) during the index admission; the procedure was identified using the DRG attributed on discharge (see Supplementary Table S2 ).
Only subjects of legal age living in the Marche region at the time of index admission were considered.
All enrolled subjects, once discharged from the index admission, were followed for one year, and all subjects requiring re-admission and/or surgery for diverticulitis during follow-up have been identified. Annual costs were thus estimated taking into account the cost of the index admission and any possible subsequent admissions occurring during the year of observation (Table 1 ).
Results
The total number of subjects resident in the Marche region who had at least one hospitalization for diverticulitis in the period 2008-2014 was 2987 (427 patients a year, corresponding to 35 per 100,000 adult residents) whereas the total number of admissions was 3453 (just over 490 a year).
The number of hospitals of Marche region from which data have been collected is 44. The number of admissions for each hospital varied from 1 to 218.
On average, 75% of patients received at least one drug prescription, from a list of drugs related to diverticular disease and granted by the national health service (see Supplementary Table S3) in the year of admission. In the same year, 66% benefited from one of the specialist outpatient services, selected as possibly related to diverticular disease (the list of granted services is presented in Supplementary Table S4 ). The healthcare costs covered by the Marche region for episodes of diverticulitis between 2008 and 2014 was calculated as D 11.4 million (approx. D 1.6 million a year), of which D 10.9 million (95.5%) for the hospitalizations, including drugs prescribed during the admission, D 246,000 (2.1%) for outpatient pharmaceutical treatment related to diverticular disease, and D 270,000 (2.4%) for specialist outpatient services (see Methods section).
The average annual cost per patient with at least one hospital admission was D 3826, of which D 3653 for hospitalization, while regional pharmaceutical assistance and specialist services accounted for D 83 and D 90, respectively.
The cohort of patients undergoing a first admission for diverticulitis between 2010 and 2013 was made up of a total of 1729 people (54.4% women, mean age 68.9 years), of whom 1500 (86.8%) did not undergo surgery during the index admission. During the index admission, no statistically significant differences were found regarding gender (p value 0.4445) and age (p value 0.9748) between those undergoing surgery and those not.
Hospital mortality, recorded only in the over 65 age group, was 1.2%; fairly obvious differences emerged between patients whose index admission involved no surgery (0.5% mortality) and those who underwent surgery during the index admission (mortality 5.2%). Among patients submitted to surgery in the index admission (229 or 13,2%), open or laparoscopic surgery have been performed in 201 (87,8%) and in 28 (12,2%) . Mortality in the first admission affected 11 patients (5,5%) operated with the open technique, against 1 (3,6%) operated in laparoscopy.
The percentage of patients with one or more readmissions for diverticulitis in the year after the first was on average 7.8% and in 48% of these cases the re-admission resulted in surgery.
Ten of patients (5%) who underwent open surgery had a second admission and 4 (2%) had another intervention within 1 year, in front of 0 (0)% of patients operated initially in laparoscopy. No attempt is allowed to identify statistical inference, due to the low volume of laparoscopic surgery.
Ileostomy or colostomy were performed in 56 (27,9%) of operated patients with the open approach, and only in 2 (7,1%) submitted to laparoscopy. Only 4 out of 58 (6,9%) underwent new surgery for re-anastomosis in 1 year.
Among index-admission patients not undergoing surgery, the raw percentage of re-admissions at one year is 8.2%, and would seem to be inversely proportional to age (OR 40-64VS <40 = 0.75 p = 0.424 and OR 65+VS <40 = 0.41 p = 0.010). Approximately 50% of re-admissions involved surgical procedures and the percentage of repeat surgical procedures at one year is 1.8%; again there is a inverse relationship with age (OR 40-64VS <40 = 0.53 p = 0.105 e OR 65+VS <40 = 0.17 p = 0.001).
Within a year of index admission, patients undergoing surgery had a lower percentage of readmissions (4.6%) and repeat surgical procedures (1.8%) compared to those treated non-operatively (8.2% readmissions and 4.0% surgical procedures, respectively).
The average annual cost per patient was D 3403.43, depending largely on the surgical procedure: patients treated non-operatively during the index admission cost on average D 2472.99, rising to D 9498.03 for subjects who underwent a surgical procedure during the index admission.
The financial weight of surgery can also be seen by focusing on the cost of re-admissions: subjects treated non-operatively during the index admission have a greater chance of being re-admitted for surgery over the next 12 months (8.2% Table 2 ) than patients who underwent a surgical procedure during the index admission (4.6% Table 2 ). This has an impact on costs at one year for readmissions: D 5585.58 for the first cluster and D 3516.37 for the second.
Discussion
Diverticulosis is very common in Western countries, and its prevalence increases with age. Most diverticulosis cases remain asymptomatic for life: only about 4% of patients with an endoscopic diagnosis of diverticulosis develop diverticulitis [5] . However, admissions for diagnosis code diverticulitis without haemorrhage (562.11) are very much on the increase: in the USA alone, the increase in the admissions rate was +21% compared to 2003, with a total aggregate cost of between $2.2 and $2.6 billion and a hospital mortality rate of 0.5% [5] .
Two very large multicentre studies [7, 8] suggest that relapse after diverticulitis is not very severe. Broderick-Villa [8] reports on the history of 2366 patients hospitalized for diverticulitis and treated non-operatively in the Kaiser system. At a median follow-up of 8.9 years, diverticulitis had recurred in 13.3% of patients and only 3.9% had a second relapse. The risk of subsequent relapse increased to 29% among patients who had a first relapse (Table 3) .
Binda et al.'s Italian study [7] reports on a follow-up of 320 patients treated with antibiotics in 17 hospitals after discharge for diverticulitis. In a comparable follow-up period (10.7 years), 25% of patients had symptoms requiring re-admission. The risk of surgery rose to 17%. In the analysis corrected for risk factors, the risk of recurrence was highest among patients under age 50 and among those with 3 previous episodes of diverticulitis. Many studies on recurrence argue that the risk is concentrated in the first 2 years of follow-up. Binda et al. [7] , however, suggest that this figure remains almost constant throughout the follow-up period.
The data in this study can be summarized as follows:
a) the incidence of admissions for diverticulitis remained stable from 2008 to 2010, and increased from 2011 to 2014 (+12% in 2014 v. 2008); caution should be used in evaluating this finding, since a change in medical approach (e.g. defensive medicine) could be the cause; b) within one year from the first episode of diverticulitis, the incidence of re-admission for diverticulitis was 8.2% in patients treated non-operatively (Table 2 ). However, recurrence at one year can occur even in patients undergoing surgery (4.6%, Table 2 ) demonstrating that the role of surgery should always be carefully evaluated. It should be noted that these figures are subject to bias with regard to the definition of recurrence (recurrences recorded are limited to those requiring re-admission); c) during the observation period, no cases of patients suffering from a second relapse were recorded; d) acute episodes of diverticulitis involve a risk of mortality in patients over the age of 65 (1.2%).
The clinical evolution of the index admission is summarized in Fig. 2 .
From a financial standpoint, we estimate that the average annual cost per patient is over D 3400. The average cost is significantly affected by the performance or otherwise of a surgical procedure during the index admission; patients treated non-operatively during the index admission cost an annual average of about D 2470, whereas patients with surgery cost around 4 times that, at D 9490.
These data are consistent with the literature. For example, a study conducted in the USA on 132 patients estimated an average cost of between $3458 and $4321, depending on the procedure performed [9] . A similar study, conducted on 144 patients in the UK estimated an average cost of £3143 [10] , while an analysis carried out in Italy on 738 patients discharged from the Federico II University Hospital in Naples between 2004 and 2010 estimated a cost per patient amounting to D 2250, a figure which the authors regard as an underestimate as there was no emergency room in the facility [11] .
It is interesting to note that in our study we found that the differences between patients undergoing surgery during the index admission and those who did not are reversed when we consider only those patients who were re-admitted once or more within one year of initial admission. In such cases, indeed, the estimated cost for patients not undergoing surgery during the index admission were over 50% higher than for those undergoing surgery, amounting to D 5500 and D 3500, respectively. Assuming that the diagnostic and therapeutic behaviour in the Marche region could be representative of the situation nationwide, total annual expenditure in terms of direct costs for the Italian National Health Service can be estimated at over D 63 million. This figure does not include the costs for drug treatments and diagnostic procedures, not to mention the indirect costs, that in most cost-ofillness estimates make up over 50% of the costs incurred by society [12] [13] [14] [15] [16] [17] .
Like all analyses based on claims databases, this paper too has its limitations.
First, the analysis is based on administrative data sources which, by their very nature, were not designed to be used for epidemiological purposes, but only for accounting and billing. However, to date, there are no specific epidemiological registries for measuring diverticulitis patients' clinical outcomes, which means that administrative sources remain the best alternative possible for tracking patients' therapeutic diagnostic process.
A second limitation of the study is the difficulty inherent in identifying which patient-related clinical variables to analyse. This means that some bias may persist linked to the severity of the disease and, more generally, to the clinical history of the patients in the analysis. In this case, the high sample size (more than 3500 admissions covering 2900 patients) and the stratification of subjects by age suggest that the estimates obtained are sufficiently robust.
Finally, another limitation regards estimates of patient mortality. In this case, the analysis referred only to hospital mortality, ignoring anything occurring post-discharge outside the confines of the hospital. This makes it impossible to identify deaths occurring outside the hospital environment, leading to an underestimation of patient mortality and readmission rates.
This study outlines various prospects for the future control of diverticular disease and for the incidence of diverticulitis.
While the patient's age obviously cannot be changed, more needs to be done to identify and learn about the risk factors (i.e. comorbidities, compliance and hospital stay) that can increase the likelihood of a relapse and thus of a readmission.
A better understanding of the weight of the risk factors has already highlighted some key points, in particular the use of NSAIDs and aspirin. NSAIDs, including aspirin, are now considered risk factors for diverticulitis because they cause local damage directly in the colon, compromise the integrity of the mucosa and inhibit the synthesis of prostaglandins.
Several studies have found a positive association between NSAIDs and diverticulitis. However, most of them have evaluated the concomitant use of NSAIDs and aspirin. Aspirin plays a very significant role in preventing chronic diseases, especially in the secondary prevention of cardiovascular events. It would be useful to understand the weight of aspirin alone in inducing diverticulitis, so as to help decide whether it can continue to be taken by patients with a history of diverticulitis.
Strate et al.'s study [18] suggests that using aspirin alone raises the risk of the first episode by 45% (HR 1.46, CI 95% 1.13-1.88).
However, there are no known data on the recurrence of diverticulitis. Some epidemiological assumptions, however, would suggest there is an increased diverticulitis recurrence risk in 5 out of every 100 patients over a 5-year follow-up period (95% confidence intervals from 1 to 9) [19] .
While aspirin and NSAIDs are identified as risk factors for the first episode of diverticulitis, the weight of using them in those who have already had diverticulitis has yet to be directly quantified. Further research will be needed to weigh the role of aspirin and NSAIDs in these patients, taking into account that both classes of molecules are widely used and in some locations also play an increasing role in cancer prevention [20] .
In this sense, further investigations into the data from this realworld study may correct the risk of using NSAIDs and aspirin in Italy.
Is there any evidence that medical treatment can reduce the risk of a first episode of diverticulitis and relapse?
From what we have found in the literature, it would very much seem that there is still rather little evidence in the therapeutic management of patients with a history of diverticulitis. This is surprising, since the direct and indirect financial costs of diverticular disease are concentrated especially in episodes of diverticulitis and management of its complications. In this regard, prospective stud-ies with the aim of evaluating various therapies in such patients will be needed.
Finally there is the matter of elective surgery to prevent relapse. The issue is still being debated [19] and the discussion is outside the scope of this paper. However, it is evident that even from this realworld study that surgery does not exclude the risk of recurrence: 4.6% of patients operated on in the Marche region during the index admission were re-admitted within the next 12 months following a relapse (Table 2 ).
In conclusion, the estimated annual number of hospitalizations in Italy for acute episodes of diverticulitis is 19,000, assuming that the diagnostic and therapeutic behaviour identified in the Marche region is representative of the situation nationwide. The total amount of direct financial resources needed to treat patients suffering from acute episodes of diverticulitis can be estimated at D 63.5 million per year.
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